A fundamental ultrastructural feature shared by the spirochetal pathogens Treponema pallidum subsp. pallidum (T. (1, 6, 12, 14, 19, 21, 
respectively, is that their most abundant membrane proteins contain covalently attached fatty acids. In this study, we identified the fatty acids covalently bound to lipoproteins of B. burgdorferi and T. pallidum and examined potential acyl donors to these molecules. Palmitate was the predominant fatty acid of both B.
burgdorferi and T. pallidum lipoproteins. T. pallidum lipoproteins also contained substantial amounts of stearate, a fatty acid not typically prevalent in prokaryotic lipoproteins. In both spirochetes, the fatty acids of cellular lipids differed from those of their respective lipoproteins. To A fundamental ultrastructural feature shared by the spirochetal pathogens Treponema pallidum subsp. pallidum (T. pallidum) and Borrelia burgdorferi, the etiological agents of venereal syphilis and Lyme disease, respectively, is that their most abundant membrane proteins contain covalently attached fatty acids (8, 9, 44, 49) . Included among these lipoproteins are outer surface proteins A to D of B. burgdorferi (5, 8, 31, 57) and the 47-, 34-, 17-, and 15-kilodalton antigens of T. pallidum (1, 10, 33, 49, 53 (Table 1) argued against the presence of significant amounts of host contaminants in the preparations used for these analyses. However, the difference between the fatty acid profiles of the T. pallidum cellular lipids and rabbit testicular tissue, the presumed source of fatty acids for treponemal growth in vivo, suggested either that fatty acid analysis of rabbit testicular tissue is not an accurate indicator of fatty acid availability to T. pallidum during in vivo cultivation or that some degree of selectivity exists for fatty acid incorporation into treponemal cellular lipids. In any event, disparities between the fatty acid profiles of the treponemal cellular lipids and rabbit testicular tissue should not be interpreted as the result of fatty acid interconversion by T. pallidum, inasmuch as no evidence for this currently exists.
Analysis of spirochetal phospholipids. Phospholipids are the principal acyl donors to bacterial lipoproteins (16, 23, 41) . We therefore characterized spirochetal phospholipids in order to identify putative acyl donors in these organisms. To accomplish this, T. pallidum and B. burgdorferi were metabolically radiolabeled with [3H]palmitate or [3H]oleate, two fatty acids highly abundant in the cellular lipids of both spirochetes (Table 1) ; following radiolabeling, cellular lipids were extracted and resolved by TLC.
Marked differences in the phospholipid compositions of B.
burgdorferi and T. pallidum were noted. B. burgdorfen contained only PtdGro and PtCho (Fig. 1) , the same two phospholipids previously identified in B. hermsii (27) , an agent of relapsing fever. In T. pallidum, six phospholipids were identified as PtdGro, PtdCho, PtdEtn, PtdSer, Ptdlns, and CL (Fig.  2) . Additional attempts to characterize spirochetal lipids which did not comigrate with the phospholipid standards were made by using differential staining. a-Naphthol staining for glycolipids (46) revealed a species in the upper left corner of the TLC plate for B. burgdorfefi (Fig. 1) which likely represented the glycolipid(s) recently reported for this bacterium (13, 55) . Staining for choline-containing lipids (4) indicated that the two lipids in T. pallidum migrating to the right of Ptdlns and above the origin (Fig. 2) were the lysoforms of PtdCho (data not shown). It is noteworthy that differences in the incorporation of palmitate and oleate into phospholipids were not observed for either spirochete ( Fig. 1 and 2 ). Thus, it did not appear that selective incorporation of palmitate into a subset of phospholipids (putative acyl donors) could account for its relative abundance in spirochetal lipoproteins. Inasmuch as metabolic alteration of the fatty acid labels would have complicated interpretation of these studies, we performed alkaline hydrolysis on the palmitate-or oleatelabeled PtdCho purified from T. pallidum and B. burgdorferi. In each case, the fatty acid released was that used for labeling (data not shown). These results also were consistent with previous studies demonstrating that treponemes and borreliae are fatty acid auxotrophs incapable of elongating, beta-oxidizing, or desaturating long-chain fatty acids (8, 9, 26, 27, 43) . To ensure that the radiolabeled T. pallidum lipids (Fig. 2) (Fig. 1) indicated that the Lyme disease spirochete uses alternative acyl donors. Given the paucity of data regarding the identities of lipoprotein acyl donors in pathogenic spirochetes, PtdCho was selected for positional analysis because of its abundance in both spirochetes ( Fig. 1 and 2 ). It also has been found that in E. coli phospholipids other than PtdEtn may serve as lipoprotein acyl donors (16 (Fig. 3) analysis of the positional distribution of labeled fatty acids in PtdCho suggest that fatty acid utilization during spirochetal lipoprotein synthesis is determined largely by the fatty acid specificities of the lipoprotein acyl transferases.
While the relevance of the differences in phospholipid composition of B. burgdorferi and T. pallidum with respect to their membrane biology is unclear, the exclusive presence of CL in T. pallidum may explain an important serological distinction between syphilis and Lyme disease. It has long been recognized that the antiphospholipid antibodies measured by the VDRL serological test are produced in response to infection with T. pallidum, while such antibodies are not commonly detected in the sera of Lyme disease patients. Clinically, VDRL antibody is detected by testing serum against a defined mixture of CL-cholesterol-PtdCho (18) in which CL is considered the major antigenic component (18) . Although VDRL antibodies traditionally have been designated as nontreponemal in the belief that they are elicited by host lipids (11, 51) , our data lead us to propose that they are induced by T. pallidum CL during syphilis and that their absence in Lyme disease is due to the fact that B. burgdorferi does not contain this phospholipid (3) .
Previous work from our laboratories has supported the contention that clinical and pathogenic features common to syphilis and Lyme disease result from molecular and ultrastructural similarities shared by their respective etiological agents (34, 36) . In this study, however, we identified differences 1 
